Recently electron microscope studies on plant cells have been carried out as extensively as on animal cells. But as far as the present author knows, electron microscope studies on root hair cells have not been published. The author has found that there are granules in the root hair cell of Azolla imbricata Nakai (an aquatic fern) that look like mitochondria, but it could not be decided definitely by various techniques using optical microscope whether they are mitochondria or not (Kawamatu 1960) . By electron micro scope observations, however, the granules in question could be obviously discriminated from the true mitochondria.
In the present paper, the structure of these bodies and other cytoplasmic components observed with electron microscope will be described. 
Observations
When the root hairs are observed with optical microscope , the cytoplasm is rich in the apical region where the nucleus, the yellowish green plastids, and numerous granules of various sizes are embedded (Fig . 1) . The mito chondria also seem to be comprised in these granules , but identification of them is nearly impossible by optical means . In the young root hairs large vacuoles are seen, in which there exist granules stainable with basic dyes Figs cytoplasm. The components of this system can be termed "cisternae", and often there are small, discrete vesicles at the edges of the cisternae. The number of the cisternae is commonly four, but counted about eight in those of large sizes (Fig. 8) . On a survey of low magnification (Fig. 4) , Golgi-like structures are found numerously here and there in the cytoplasm. They show a tendency to be abundant in the periphery of the cell and various shapes in section.
Discussion
In the vacuole of the root hair cell of Azolla, no other substance except heavily electron-dense bodies can be found in the electron micrographs, so that it is probable that these bodies are the same as the granules observed with optical microscope in the vacuole. They show heavy electron-density after fixation with osmium tetroxide, and are supposed to contain lipids.
As to the low refractive strand-shaped cytoplasmic components like mitochondria, the author has observed similar ones in the epidermal cells of Allium cepa under optical microscope. Sorokin (1938) has already identified them in Allium cepa as mitochondria with Janus green B staining. However, when the author investigated the granules in the epidermis of Allium and also in the root hair of Azolla according to Sorokin's methods, they showed no staining with Janus green B. In electron micrographs, however, mito chondria are found numerously in the cytoplasm of the root hair of Azolla. They show the feature of the typical structure of mitochondria in plant cells.
The plastids in the root hair cell as well as in the cell of root itself show distinctly a lamellar and grana-like structure (Figs. 3, 5, 6 and 7) , and some of them contain starch grains. Accordingly, they have the appearance of both chloroplasts and amyloplasts, but tentatively they may be called "chloroplasts" similarly to those in the cells of root proper (Kawamatu 1961) .
Because the fern used in this study always grows on the water surface, their roots are exposed to day light, hence they seem very likely to perform pho tosynthetic activity. Besides, in Fig. 9 (fixed with potassium permanganate), the plastids show several short grana-like structures, but no so-called lamellar structure. This is likely to imply the description by Muhlethaler et al. (1959) , "... zuerst entwickeln sich die Granen , die geldrollenartig ubereinander liegen und erst wenn diese nahezu fertig ausgebildet sind, wachsen dazwischen die Stromaschichten.". Therefore, it is also possible to assume that the differentiation of grana in the root hair cells of Azolla may take place much earlier than that of stroma in lamellar form, so far as discussed from the results of observations on the cells fixed with permanganate.
Moreover, in these cells, the majority of the plastids are encircled by endoplasmic reticulum, but no mitochondria encircled. Accordingly, the formation and/or the charac teristic function (e.g., photosynthesis) of the plastids may have some relation ships with the endoplasmic reticulum surrounding them. Many investigators (Luft 1956 , Whaley et al. 1959 and Whaley et al. 1960 , and others) have found that Palade granule-like bodies observed in osmium-fixed cells are not demonstrated in permanganate-fixed cells, and that the cisternae of the Golgi-like structures and other membrane bound cytoplasmic inclusions appear more clearly in the cells fixed with the latter fixative. Similar facts were found also to the root hair cells of Azolla. Whaley et al. (1960) has postulated of the possibility that the clusters of large Golgi-vesicles represent a stage in secretion of substances from the epidermal cells. It is assumed also in the plant studied here that Golgi-like structures may have a relationship to absorbtion and secretion of substances in the root hair cell, as the Golgi-like structures are found more numerously in the periphery of the cell. 
